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INTRODUCTION

Considerable amounts of resources are allocated to assist and retain students during their
first and second years in college, and many universities provide extra support to students as they
prepare to graduate and start their professional careers. Some of these resources include special
advisors, first year experience courses, and free tutoring and supplemental instructional sessions.
These programs aim to assist students as they acclimate to college life, enhance their learning
experiences, and ultimately aid their journeys toward graduation in 4 to 5 years (Academic
Resource Center at Harvard University, n.d.; Center for Academic Support and Advisement at
the University of Tennessee at Chattanooga, n.d.; Maryville University, n.d.; NC State
University Counseling Center, n.d.). For example, the University of Tennessee at Chattanooga
(UTC), provides free tutoring and supplemental instruction resources for many freshman and
sophomore level courses, but free resources are limited for upper-level courses. Resources
provided to seniors often include graduation advisors or specialists (Center for Academic
Support and Advisement at the University of Tennessee at Chattanooga, n.d.; Office of the
University Registrar of the University of Tennessee at Chattanooga, n.d.). Most of the published
studies on college students focus on first and second-year students or the graduating class of
students.
Resources are not often specially aimed at third year students (i.e., students in their junior
year). For many students, junior year is their first time in upper-level, major specific courses.
Their college experience has been leading to these courses, and the path to graduation is only
half-way complete. Most students also have entered a new decade of life, their 20’s, and are
growing into who they will be as an adult. Research on juniors and their GPAs is limited, and
this research gap persists nationwide.
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Purpose and Rationale of the Study

One goal of this research was to contribute to the body of literature and gain a better
understanding of the relationships between students’ American College Testing exam (ACT)
scores, their high school quality (HSQ) rankings, and their cumulative, end-of-junior-year grade
point averages (GPA). An understanding of this relationship is important because students are
usually beginning their upper-level courses for their designated majors during their third year of
college; therefore, their GPAs are beginning to reflect, not only the students’ abilities to
understand basic knowledge in a subject area, but also their abilities to understand complex
content-specific material. This information could be useful to university educators and
administrators as they work toward making data-driven decisions about the programs and
resources that are allocated to assist their students during all years of their postsecondary
education career.
The second goal of this research was to contribute to the body of literature and compare
the cumulative, end-of-year GPAs of juniors in 2021 to the cumulative, end-of-year GPAs of
juniors in 2015, 2016, 2017, 2018 and 2019. The 2020 cohort was not included in this study
because they experienced only a partial semester (Spring 2020) of online courses, whereas the
2021 cohort experienced a full year with all or many online courses (2020-2021). The 2015-2019
cohorts did not experience the pandemic and the shift to online learning during or prior to their
junior year. This research project also considered the possible impact that the transition to online
learning designs may have had on junior-year students’ GPAs during the COVID-19 pandemic
by comparing students who did not experience the COVID-19 pandemic, during or prior to the
junior-year (2015-2019 cohorts), and students who did experience the COVID-19 pandemic and
the transition to online learning (2021 cohort). This information could be useful to university
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administrators and educators as they try to understand the on-going impacts of the COVID-19
pandemic on student learning (i.e., students’ GPAs) as course designs are being modified to
adjust to the changing needs of students.
Research Questions
The research questions, null, and alternative hypotheses for this research project were:
1.

Is there a significant, predictive relationship between high school quality, ACT scores,
and end-of-junior-year of college GPA?
H1! : There is not a significant, predictive relationship between high school quality, ACT
scores, and end-of-junior-year of college GPA.
H1" : There is a significant, predictive relationship between high school quality, ACT
scores, and end-of-junior-year of college GPA.

2. Is there a significant difference between the GPAs of college juniors in 2021 versus those
from 2015, 2016, 2017, 2018, and 2019?
H2! : There is no statistical difference between the average cumulative junior GPAs of the
2015, 2016, 2017, 2018, 2019, and 2021 cohorts.
H2" : There is statistical difference among average junior GPAs in at least two of the
cohort years of the study.
3. Is there a significant difference between the GPAs of college juniors in 2021 versus those
from 2015, 2016, 2017, 2018, and 2019 in STEM and non-STEM fields?
H3! : There is no statistical difference between the cumulative average junior GPAs of
STEM and non-STEM students in the 2015, 2016, 2017, 2018, 2019, and 2021 cohorts.
H3" : There is statistical difference among average junior GPAs in at least two of the
groups of the study.
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LITERATURE REVIEW & BACKGROUND
End of Junior Year of College GPA

This research study considered cumulative, end-of-junior-year GPA. For the purpose of
this study, junior-level students were defined as those who were in their third year of attendance
at the college they entered after high school graduation. For example, a student may have
graduated from high school in June 2018 and enrolled at the University starting in August 2018.
Thus, transfer students were excluded from the study because their GPAs would include grades
earned at other institutions. Many junior-level students have at least one more year of academic
work before they attain their baccalaureate degree. During their junior year of college, many
students enroll in their first upper-level courses, which are typically standard coded as 300- or
3000-level classes (Missouri State, n.d.; Thomas Edison State University, n.d.; & Towson
University, n.d.). These courses expound on subject-specific concepts that are new and likely
more challenging for students. The increase of rigor in the 3000-level courses may pose new
challenges that possibly affect retention and graduation times.
High School Quality (HSQ)
Since the 1990s, college graduation grade point averages (GPAs) have been rising
nationally (Denning et al., 2020). Denning et al. (2020) posited that these rising GPAs are partly
due to grade inflation, or “relaxed standards” (2020, p. 4). However, Allensworth and Clark
(2020) noted that college grades and matriculation rates are strongly influenced by the resources
provided to students at their high schools, and they noted a strong correlation between high
school attended and college graduation rates. Nationally, high school quality (HSQ) is based on
the resources available to students attending an institution, but students who attend the same high
school do not necessarily have access to the same resources and some choose to not utilize those
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resources. This is evidenced by the US Department of Education (n.d.) which reported that
“traditionally underserved students, including minorities and low-income students, … are less
likely to have access to strong teachers and challenging curricula” (para. 4). The Departments of
Education in Tennessee, Georgia, and Alabama established HSQ by using data for college
preparation resources offered to high school students at every institution (Alabama State
Department of Education, n.d; The Governor’s Office of Student Achievement of the State of
Georgia, n.d.; Tennessee Department of Education, n.d., Data Downloads & Requests). Many
high school programs aim to prepare students for entry-level college courses through honors and
advanced placement courses as well as other opportunities such as dual enrollment programs. In
the state of Tennessee, HSQ is measured using six criteria based on student attendance,
graduation rates, and summative, standardized tests.
The chart below (Figure 1) describes how the Tennessee Department of Education
(TNDOE) measures high school quality. The “Achievement” and “Growth” Indicator scores are
based on TNReady assessments, which are standardized tests given near the conclusion of the
school year. These tests aim to group students into four main categories: Below, Approaching,
On-Track, and Mastered. A passing score falls in either the On-Track or Mastered groups. These
scores impact a school’s “Achievement” and “Growth” Indicator scores.
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Figure 1 Chart from TNDOE describing the criteria for determining high school quality.

Annual Measurable Objectives (AMOs) are calculated based on the schools’ results on
TNReady assessments from the previous year (Tennessee Department of Education, 2020, 201920 Accountability Protocol, p. 30). The goal of AMO targets is for each school and district to
decrease by half the percentage of students who are not achieving On-Track or Mastered scores
on their TNReady assessments (Tennessee Department of Education, 2020, 2019-20
Accountability Protocol, p. 25). These targets are also rounded to one decimal place. The
formula used to calculate AMO targets is:
AMO target =

100 − prior performance
+ prior performance
8∗2

(Tennessee Department of Education, 2020, 2019-20 Accountability Protocol, p. 25)
An example of an AMO for a school with 50% of students scoring On-Track or Mastered would
be:
AMO target =

100 − 50
+ 50 = 53.125 ≈ 53.1
8∗2
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Meaning, the target for that school would be for 53.1% of students to score On-Track or
Mastered on the TNReady assessment.
The “Ready Graduate” Indicator (from Figure 1) measures the percent of students who
earn a regular high school diploma and meet success milestones that are aligned to increase the
probability for postsecondary success. Students are considered “Ready Graduates” if they meet
at least one of the four criteria, which are described below. A student can only count once,
meaning a student is only counted once even if they meet multiple criteria options of a “Ready
Graduate.” “Early postsecondary opportunities (EPSOs) include a course and/or exam that give
students a chance to obtain postsecondary credit while still in high school” (Tennessee
Department of Education, n.d., Early Postsecondary Opportunities, para. 1). These are detailed
in the infographic (Figure 2) below from the TNDOE. EPSOs can include dual enrollment
credits from local colleges or universities, an industry certification such as a welding or
cosmetology license, advanced placement courses, statewide dual credit courses, Cambridge
International courses, International Baccalaureate courses, and other college-level examination
programs.
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Figure 2 EPSO graphic from the Tennessee Department of Education
(Tennessee Department of Education, Early Postsecondary
Opportunities).

The four criteria options for a student to be considered a Ready Graduate are:
• Earn a composite score of 21 or higher on the ACT (or 1060 or higher on the SAT) or
• Complete four EPSOs or
• Complete two EPSOs and
o Earn an industry certification or
o Earn a score of 31 or higher on the ASVAB AFQT or
§ The ASVAB AFQT is the Armed Services Vocational Aptitude Battery or Armed
Forces Qualification Test.
o Earn a WorkKeys National Career Readiness Certificate. (Tennessee Department of
Education, n.d., Ready Graduate Indicator Review, p. 1)
The “Graduation Rate” Indicator score (from Figure 1) is determined by the TNDOE by
examining the state’s graduation cohort application, and each student’s cohort is “based on the
first year in which they enrolled in grade 9” (Tennessee Department of Education, 2020, 2019-20
Accountability Protocol, p. 9). To be counted a graduate the student must be in their original
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cohort and “earn an on-time regular diploma” (Tennessee Department of Education, 2020, 201920 Accountability Protocol, p. 9). The “Chronic Absenteeism” Indicator score is based on the
proportion of students who were “absent for 10 percent or more of the instructional days for
which [they are] enrolled in a Tennessee public school or district” (Tennessee Department of
Education, n.d., Data Downloads & Requests).
The “English Language Proficiency Assessment” Indicator score is determined if a
school has 10 valid tests of the WIDA ACCESS assessment (Tennessee Department of
Education, 2020, 2019-20 Accountability Protocol, p. 30). When a school does not meet this
requirement, the TNDOE distributes the 10% weight given to the “English Language Proficiency
Assessment” Indicator score evenly between the “Achievement” and “Growth” Indicator scores
(Tennessee Department of Education, 2020, 2019-20 Accountability Protocol, p. 30). For this
research, English Language Proficiency Assessment was not included in the calculation of HSQ
because a low percentage of schools met the necessary criteria for the score to be calculated. In
accordance with the TNDOE’s process, the researcher added weight to the “Achievement” and
“Growth” Indicator scores for all included high schools, regardless of the status of the school’s
“English Language Proficiency Assessment” Indicator score.
ACT Score
Students entering college arrive with varied educational backgrounds, including different
high school standards and GPA calculation methods; therefore, another measure for assessing
college readiness among American students is through national standardized testing, such as the
American College Test (ACT) and Scholastic Aptitude Test (SAT). Aaron Churchill, the director
of the Thomas B. Fordham Institute argues that standardized tests offer “objectivity” and
“comparability,” which is why standardized tests are a valuable measurement tool (Churchill,
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2015). Data indicates that high school standardized tests assist with gauging student readiness for
entry-level college courses (Churchill, 2015). However, official research from ACT concluded
that “minority students were more likely to have lower ACT scores than white students”
(McNeish, Radunzel, & Sanchez, 2016, p. 1).
HSQ and ACT Score
Over the years, research regarding the predictive strength of ACT score and high school
GPA (HSGPA) on college freshman and college graduation GPA have been controversial
(Allensworth & Clark, 2020; Institutional Research and Academic Planning at the University of
California, 2020; Nack & Townsend, 2009). Allensworth and Clark (2020) studied HSGPA and
ACT score on college graduation and found significant correlation between college graduation
rate and HSGPA. Woods et al. (2018) also noted that students who had completed more college
preparatory classes in high school were more likely to pass an introductory college course. Nack
and Townsend (2009) found that HSGPA was a significant predictor of freshman year GPA;
however, ACT scores did not show to be a significant predictor on students’ grades. Researchers
at the University of California noted that neither HSGPA and ACT score were significant
contributors of freshman year GPA (Institutional Research and Academic Planning at the
University of California, 2020). There is little research about college junior grade point average
and the predictive relationship to HSGPA and ACT score; therefore, by considering both ACT
score and quality of high school attended, this research adds to the body of knowledge and
creates a foundation to help educators better understand the relationship between end-of-thirdyear junior GPAs with students’ ACT scores and their high school quality scores.

JUNIOR YEAR GPA

14
STEM and non-STEM Majors

STEM stands for science, technology, engineering, and mathematics. While the acronym
for STEM is easy to grasp, determining if a specific major is STEM or non-STEM is not always
so clear. According to UC Davis, STEM fields include, “mathematics, natural sciences,
engineering, computer and information sciences, and the social and behavioral sciences –
psychology, economics, sociology, and political science” (UC Davis Office of the Provost, n.d.).
UCLA defines STEM majors within the following categories: “Agriculture/Natural Resources,”
“Biological and Biomedical Sciences,” “Computer/Info Sciences/Support Tech,” “Engineering,
Health Professions,” “Mathematics and Statistics,” “Physical Sciences,” and “Psychology”
(Higher Education Research Institute at UCLA, n.d.) The University of North Alabama
categorizes STEM fields into the groups, “Biology,” “Chemistry and Occupational Health
Science,” “Engineering Technology,” “Geography,” “Mathematics,” “Physics and Earth
Science,” “Computer Science and Information Systems” (University of North Alabama, n.d.).
The U.S. Department of Homeland Security does not include psychology or nursing in their
designation of STEM fields (U.S. Department of Homeland Security, n.d.). Thus, there are some
majors that are always considered as STEM fields, such as computer engineering and
biochemistry. Other fields, such as liberal arts and language studies, are not considered STEM
fields. Still other fields are sometimes categorized as STEM majors. Majors that were sometimes
classified as STEM and sometimes classified as non-STEM in the aforementioned resources
were placed in the “Sometimes STEM” category. The three distinctions are described in Figure 3
below.
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All Majors
• Graphic Design
• Business
Management
• Pre-Law
• Child and Family
Studies

Sometimes STEM Majors
• Psychology
• Nursing

Always STEM Majors
• Engineering
• Biology
• Computer Science
• Chemistry

Figure 3 STEM majors graphic organizer.

John A. Gipson (2018) found that, “30% of the variance in the average cumulative
college GPAs could be attributed to group differences across academic majors” (p.66). Georgia
House Bill 801, which was passed in 2016 and gave college students in Georgia 0.5-point GPA
boost when achieving a B, C, or D final course grade in a STEM course, specifically those in the
first two years of college (Curriculum: Academic Affairs Division, n.d.). This impacted all
schools in Georgia including Dalton State and Middle Georgia State University (Dalton State,
2017; News Bureau, 2017). Jonathan Tomkin, Matthew West, and Geoffrey L. Herman (2016)
found that, “Some majors require a much more demanding curriculum than others. Introductory
STEM classes lower student GPA, on average” (p. 3). In a later study, Tomkin and West (2022)
found that “students in non-STEM majors are graded more leniently than students in STEM
majors at this institution, with an average difference in our sample of 0.41 grade points” (p. 15).
Meaning, students receive approximately a half-point lower for their final grade for STEM
courses. In conclusion, recent research indicates that students in STEM fields have lower GPAs
than students in non-STEM fields.
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COVID-19 Pandemic

There is considerable research on the relationship between online classes and course
grades (Bettinger et al., 2017; Page & Cherry, 2018; Ramnarine 2018). Bettinger et al. (2017)
found that students enrolled in online courses had lower course grades than students enrolled in
in-person courses; however, other studies did not determine significant differences in final
course grades for students enrolled in online or face-to-face courses (Page & Cherry, 2018;
Ramnarine, 2018). Due to the COVID-19 pandemic in 2020, many students enrolled in online
classes instead of traditional, face-to-face classes (Bastrikin, 2020). College graduation GPAs
have been increasing since the 1990s (Denning et al., 2020), but it is uncertain of how GPAs will
be affected with the unprecedented conditions of 2020 and beyond.
With the appearance of the COVID-19 pandemic, college students were forced to take
many, or all, of their courses online. In 2017, 13.3% of college students were exclusively
enrolled in online courses and 19.5% of students were enrolled in at least one online course but
not exclusively enrolled in online courses; however as of June 2020, 97% of college students
were enrolled in online courses (Bastrikin, 2020). For the fall 2020 semester, approximately 73%
of postsecondary students were enrolled in online courses, and approximately 61% of
postsecondary students were enrolled in online courses exclusively (National Center for
Education Statistics, n.d., Back-to-school statistics). Many students in STEM fields have
required labs where they complete experiments and observational studies. With the switch to
online learning, these students may have been impacted differently than students in non-STEM
fields. The switch from face-to-face interactions to mainly virtual learning activities during this
time will have a different effect on every student (Bastrikin, 2020). This research begins the
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exploration of the relationship that the transition to online learning and the COVID-19 pandemic
may have on the GPAs of college juniors both overall and in STEM and non-STEM fields.

METHODOLOGY
The methodology for this research project included a plan to reduce misconduct and
unethical behavior. Institutional Review Board (IRB) permission was granted from the
University and the researcher considered limitations and delimitations for the research.
Additionally, this research design can be adopted and replicated for future studies by other
researchers. Multiple linear regression analyses were used to determine significant predictive
relationships between the variables, and one-way ANOVA and Kruskal-Wallis H analyses were
conducted to establish significant differences among the subgroups of the sample populations.
The results of this study are intended to add to the body of knowledge and to provide insight to
instructional leaders who are interested in better understanding the population of students
registered at the University.
Description of the Sample Population
The sample population for this study was the junior class cohorts at a 4-year,
metropolitan university in Tennessee with an undergraduate enrollment of approximately 10,000
students with about 2,000 freshmen enrolling at the start of the academic year. Juniors were
defined as students who enrolled two years prior to the collected data with no prior institutional
credit because they enrolled at this university the semester after high school graduation. The
population did not include transfer students; however, students with dual enrollment, advanced
placement, transfer, or other course replacement credit were included because these classes were
likely used to complete high school requirements. All students included in the analysis also
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graduated from a public Tennessee high school between May and July before attending the
University in August of the same year. Juniors of all represented majors were included, and they
were identified as STEM or non-STEM majors. The sample population was also limited to
students who had completed 72 hours of course work, meaning that they completed an average
of 12 hours of course work per semester for six semesters. The distinction between STEM and
non-STEM major was given by the US Department of Homeland Security STEM Designated
Degree Program List. This list considers four main degree areas as STEM: Engineering,
Biological and Biomedical Sciences, Mathematics and Statistics, and Physical Sciences (U.S.
Department of Homeland Security, n.d.). More specifically, non-STEM majors are students in
the College of Business and College of Health, Education, and Professional Studies, and some in
the College of Arts and Sciences. Pie charts detailing the distribution of STEM and non-STEM
majors are pictured below in Figure 4.
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Distribution of STEM and non-STEM
majors 2015 cohort

Distribution of STEM and non-STEM
majors 2016 cohort

208, 21%

241, 23%

Non-STEM

Non-STEM

STEM

STEM

802, 77%

777, 79%

Distribution of STEM and non-STEM
majors 2017 cohort

Distribution of STEM and non-STEM
majors 2018 cohort
179, 20%

208, 21%

Non-STEM

Non-STEM

STEM

STEM

781, 79%

713, 80%

Distribution of STEM and non-STEM
majors 2019 cohort

Distribution of STEM and non-STEM
majors 2021 cohort
194, 18%

208, 21%

Non-STEM

Non-STEM

STEM

STEM

791, 79%

856, 82%

Figure 4 Pie Charts of STEM and Non-STEM majors for all cohorts.

The table below further describes characteristics of the cohorts, including the average and
range of their ACT scores, cumulative credit hours, and cumulative, end-of-junior-year GPAs.
The average ACT score increased over time except from entering freshman during 2012 to 2013
(2015 to 2016 cohorts). From the table (Figure 5), the following can be observed: For all cohorts
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considered in the study the range of ACT scores was 15 to 35. The highest average cumulative
credit hours obtained was in the 2018 cohort with 94.965 completed hours. The highest average
GPA was in the 2021 cohort with a GPA of 3.345. The lowest GPA was in the 2018 cohort with
a GPA of 1.659.
Cohort
Year

Average
ACT

ACT
Range

2015
2016
2017
2018
2019
2021

23.827
23.647
24.038
24.026
24.520
24.737

15-35
15-34
17-35
16-34
17-35
17-35

Average
Cumulative
Credit
Hours
91.889
92.920
93.429
94.965
96.493
96.670

Cumulative
Credit
Hours
Range
72-154
72-145
72-141
72-154
72-164
72-167

Average
GPA

GPA
Range

3.247
3.232
3.236
3.278
3.286
3.345

1.794-4.00
1.919-4.00
1.933-4.00
1.659-4.00
1.880-4.00
1.820-4.00

Figure 5 Descriptive Statistics table for cohort years.

The table below (Figure 6) further describes the average GPA of the cohorts by reporting
the average GPA of STEM and non-STEM majors. The lowest overall average GPA and STEM
average GPA, 3.232 and 3.248 respectively, were in the 2016 cohort. The lowest non-STEM
average GPA, 3.226, was in the 2017 cohort. The highest STEM average GPA, 3.335, was in the
2019 cohort. The highest non-STEM average GPA, 3.353, was in the 2021 cohort.
Cohort Year
2015
2016
2017
2018
2019
2021

Average GPA
3.247
3.232
3.236
3.278
3.286
3.345

Figure 6 GPA Descriptives table for RQ1.

STEM GPA
3.305
3.248
3.279
3.259
3.335
3.307

Non-STEM GPA
3.232
3.227
3.226
3.283
3.273
3.353
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For RQ1, only the 2021 cohort was considered due to a lack of availability of HSQ data
for the other cohorts. This sample population was further restricted to only students whose HSQ
data were reported by the TNDOE. This excluded home and privately schooled students. For the
2021 cohort, 41% were part of the College of Arts and Sciences, 29% were part of the College of
Health, Education, and Professional Students, 22% were part of the Gary W. Rollins College of
Business, and 8% were part of the College of Engineering and Computer Science. The pie chart
below (Figure 7) also describes this data.

Distribution of Colleges for 2021 Juniors
182, 22%
247, 29%

Health
Arts
Engineering

71, 8%

Business

342, 41%
Figure 7 Pie Chart of college for 2021 cohort for RQ1.

Data Collection
The retrospective data about the juniors from 2015 – 2019 and 2021 at the University
were gathered from the Institution’s student information system, Banner, with the Institutional
Review Board approval. Students’ confidentiality was protected using random identification
numbers given by the UTC Office of Planning, Evaluation, and Institutional Research who
facilitated the collection of the necessary data. The information was also stored on the
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researcher’s password protected computer. The data were coded and analyzed using the
Statistical Package for the Social Sciences (SPSS) and Microsoft Excel. Additionally,
retrospective data for high school rankings were gathered from the state of Tennessee’s
Department of Education (TNDOE) website. These raw data are accessible to the public and can
be downloaded via a Microsoft Excel file or the TNDOE can be contacted through their website
for data requests.
Research Assumptions
Several assumptions were made with the implementation and design of this study. If
different assumptions are presumed, the results of a replicated study may be different. The
following assumptions were made during this study:
•

The researchers controlled for bias.

•

Students’ GPA is a quantifiable measure of student learning.

•

The STEM and non-STEM majors had the same or comparable rigor in their
academic requirements.

•

The gathered data from the University’s official student records were accurate,
reliable, and valid.

•

No students were simultaneously counted in both majors or different cohort years. All
students started their college career at the University the same year they graduated
from high school.
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Limitations and Delimitations

The methodology and findings of this study may lack generalizability because of the
following delimitations:
•

The results are delimited to the data using only cumulative GPA. The cumulative
GPA is only one measure to assess student learning at the institution.

•

The study’s results are delimited to two independent variables. There are many
factors that influence the measure of GPA.

The methodology and findings of this study may lack generalizability because of the
following limitations:
•

The results are limited to data gathered from one public university in Tennessee.

•

The data were limited to students who graduated from Tennessee high schools.

•

Data were further limited because the TNDOE collects and reports HSQ for only
public schools; therefore, students who attended private school or home-school were
not included.
Variable Analysis

The variables of this study, along with their levels and scales of measurement are
presented in the table below (Figure 8). The independent variables were ACT score and HSQ
score. The dependent variable was end-of-junior-year cumulative GPA.
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Variable
Level of
Levels of the Variable
Label
Measurement
End-ofJunior-Year
Scale
GPA, 0.00 – 4.00
Cumulative
GPA
High School
Quality
Scale
HSQ Score, 0 – 20
(HSQ) Score
ACT Score
Scale
ACT Score, 1 – 36
STEM or non1 = STEM Major
Nominal
STEM Major
2 = Non-STEM Major
2015 = Junior in 2015 (entered in Fall 2012)
2016 = Junior in 2016 (entered in Fall 2013)
2017 = Junior in 2017 (entered in Fall 2014)
Cohort Year
Nominal
2018 = Junior in 2018 (entered in Fall 2015)
2019 = Junior in 2019 (entered in Fall 2016)
2021 = Junior in 2021 (entered in Fall 2018)

Figure 8 Variable Description table.

DATA ANALYSIS & RESULTS
The researcher did not infer causation because this research study was a relationshipbased design. The analyses conducted were purposed to answer the research questions and fulfill
the purposes of this study: to add to the general body of research literature; gain a better
understanding of the relationships between students’ ACT scores, their HSQ ranking, and their
junior year GPAs; and, compare the cumulative, end-of-year GPAs of juniors in 2021 to the
cumulative, end-of-year GPAs of juniors in 2015, 2016, 2017, 2018 and 2019 in general and also
based on their category of major (STEM or non-STEM).
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Multiple Regression – Research Question 1

RQ1: Is there a significant, predictive relationship between high school quality, ACT
scores, and end-of-junior-year of college GPA?
To answer this question, the researcher conducted a regression analysis where GPA was
the response variable (dependent variable) and ACT score and HSQ were the predictor variables
(independent variables or factors). Prior to running the multiple regression analysis using the
SPSS program, we verified that the eight underlying assumptions for multiple regression analysis
were satisfied. Assumption 1 was met because the dependent variable, cumulative, end-of-year
GPAs of junior, is a scale (continuous) variable. Assumption 2 was met because the independent
factors, HSQ and ACT score, were continuous variables. Assumption 3, independence of
residuals, was examined using the Durbin-Watson statistic calculated using SPSS, and the output
of that test is presented in the table below (Figure 9). For this analysis, the Durbin-Watson
statistic was 1.871, which is sufficiently close to 2. Thus, we can accept that there is an
independence of residuals.

Figure 9 Durbin-Watson statistic summary for RQ1.

We examined Assumption 4, the possible existence of a linear relationship between the
independent variables and dependent variable, by creating a scatter plot of Studentized Residuals
by Unstandardized Predicated Value (Figure 10). By examining the graph, we established a
sufficiently linear relationship because the data formed a horizontal band, indicating a likely
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linear relationship between students’ GPAs and the predictor variables (ACT and HSQ). Thus,
we accepted that a linear relationship exists between the independent and dependent variables.

Figure 10 Scatterplot of Studentized Residual by Unstandardized Predicted Value.

We assessed Assumption 5, homoscedacity of residuals, by examining the same scatter plot
(Figure 10). The range of the graph is relatively constant across the domain and did not form a
funnel shaped graph (Laerd Statistics, 2015a; Ramnarine, 2018). Thus, we accepted
homoscedacity of residuals.
Assumption 6 addressed multicollinearity of the data. This was examined using the
Correlations table created using SPSS (Figure 11). Neither HSQ nor ACT score have correlations
greater than 0.7, which indicated that these predictor values were not highly correlated.
Multicollinearity was also assessed using the variation inflation factors and tolerance value. The
tolerance value was 0.970, and since this value was greater than 0.1, it provided evidence that the
independent variables were not measuring the same aspect of students’ GPAs (Laerd Statistics,
2015a). Thus, we accepted that we do not have collinearity among the variables in the dataset.
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Figure 11 Correlations Table for RQ1.

Assumption 7 required us to examine the dataset for significant outliers. We consulted
the Casewise Diagnostics Table (Figure 12) produced by SPSS (Laerd Statistics, 2015a). It
revealed one outlier. This student attended a high school with a 14.675 HSQ score, which is a
good quality score (the maximum score is 20). The student also scored a 32 on the ACT, which
is a very good score (the maximum score is 36). However, the student’s cumulative GPA at the
end of their junior year was a 2.00. There are many explanations for why a student’s GPA would
be significantly lower than their peers, including health, living circumstances, and family issues.
To determine if this data point needed to be removed, we checked the leverage values of the
point. The data point had a leverage value of 0.00475, which is an acceptable amount (Laerd
Statistics, 2015a). Thus, the outlier was not removed. The largest leverage value in the dataset
was 0.01010, meaning that all values had an acceptable leverage value (Laerd Statistics, 2015a).
We checked for influential points using Cook’s Distance. The greatest value of Cook’s Distance
in the dataset was 0.03762, meaning that there are no highly influential points (Cook &
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Weisberg, 1982; Laerd Statistics, 2015a). Thus, we can accept Assumption 7 that we have no
significant outliers.

Figure 12 RQ1 Casewise Diagnostics Table.

For Assumption 8, the residuals are approximately normally distributed, we examined the
Histogram and P-P Plot of Residuals created by SPSS. Both are pictured below (Figure 13 and
14). We concluded from both graphs that the distribution is approximately normally distributed.
Thus, we accepted Assumption 8. With the verification of all assumptions, we proceeded with
the multiple linear regression analysis to answer Research Question 1.

Figure 13 Standardized Residual Histogram for RQ1.
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Figure 14 P-P Plot of Residuals for RQ1.

Once the assumptions were confirmed, the analysis of RQ1 began with an examination of
the one-way Analysis of Variance (ANOVA) Model Summary (Figure 15). “The measure of the
proportion of variance (R square) is considered to be a positively biased result” (Ramnarine,
2018, p. 54); hence, we considered the adjusted R square value to assess the overall fit of the
model. The 𝑅# for the overall model was 0.146, and the adjusted 𝑅# was 0.144, indicating a
small effect size according to Cohen’s classification (Cohen, 1988). In other words, the
regression model for cumulative, end-of-year GPAs of juniors as the dependent variable
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explained approximately 14.4% of the variability in students’ GPAs. This is not surprising
because many factors affect students’ GPAs and this study considered only two influential
factors – Tennessee High School Quality score and ACT score.

Figure 15 Model Summary table for RQ1.

For further analysis of the statistical significance of the overall model, we looked to the
F-ratio of the ANOVA to assess how well the model predicted the cumulative, end-of-year GPAs
of juniors (Figure 16). Despite the low R square value, the regression analysis provided a
statistically significant result, with R square = 14.6%, 𝐹(2,839) = 71.869, 𝑝 < 0.001, and
an adjusted R Square = 14.4%. In other words, despite the model representing a small
percentage of the variation in GPAs at the end of the junior year, it was statistically significant,
which indicated to us that there was at least one significant predictor from our two independent
variables (HSQ score and ACT score).

Figure 16 ANOVA table for RQ1.
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By examining the Coefficients table (Figure 17) we determined that HSQ was not a
significant factor in determining GPA because the Significance value was 0.361, which was
greater than a level of significance 𝛼 = 0.05. We also found that ACT score was a significant
factor in determining GPA because the significance value was less than 0.001. The coefficient
table indicated that for every 1-point increase in ACT score, the predicted cumulative junior
GPA score to increase by 0.044 points, hence there is a positive relationship between ACT score
and third year GPA.

(Constant)
hsq
act

Coefficients
Unstandardized
Standardized
Coefficients
Coefficients
B
Std. Error
Beta
2.292
.093
-.003
.003
-.030
.044
.004
.386

t
24.633
-.914
11.933

Sig.
<.001
-.008
<.001

Figure 17 Coefficients table for RQ1 - based on SPSS Coefficients table.

Using cumulative junior GPAs as the criterion variable, the predictive model for a
student’s end-of-junior-year GPA, 𝑌$ , where 𝑒 is the error between the estimated and observed
final GPA, the following regression predictive equation was determined:
𝑌$ = 2.292 − 0.003(𝐻𝑆𝑄$ ) + 0.044(𝐴𝐶𝑇$ ) + 𝑒$
In conclusion, although the regression model accounted for 14.4% of the variation in
GPA scores, it was statistically significant, indicating one of the independent variables was
statistically significantly related to cumulative junior GPAs. The significant predictor was ACT
score. Thus, despite taking the ACT test at least 3 years prior to their junior year, that score is
still a significant predictor of students’ performance in college.
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One-Way ANOVA – Research Question 2

RQ2: Is there a significant difference between the GPAs of college juniors in 2021 versus
those from 2015, 2016, 2017, 2018, and 2019?
To answer RQ2, a one-way analysis of variance (ANOVA) was conducted to assess any
differences between the GPA means of the junior cohorts. There are six assumptions for a OneWay ANOVA analysis. Assumption 1 was met because there was one continuous, dependent
variable, cumulative end-of-junior year GPA. Assumption 2 was also met because we there was
one categorical independent variable, with 6 independent groups, the cohort years. Independence
of observations, assumption 3, was met because the GPA of one student does not affect another
student. Box plots were used to determine significant outliers. Ten outliers were determined,
which included students with very low cumulative end-of-year junior GPAs. The outlier GPAs
and boxplots are 1.890 and 1.794 in 2015, 1.919 in 2016, 1.841 and 1.659 in 2018, 1.880 in
2019, and 2.070, 2.00, 1.886, and 1.820 in 2021 (Figure 18). The decision to include the 10
outliers was based on the size of the dataset, which included over 5,900 points. The researcher
conducted the analysis both with and without the outliers and compared the results. Thus,
assumption 4, no significant outliers, was accepted.

JUNIOR YEAR GPA

33

Figure 18 Boxplots for RQ2 one-way ANOVA.

To determine whether the dependent variable, cumulative, end-of-junior year GPA, was
approximately normally distributed in all independent variable groups, we used the Q-Q Plots
below (Figure 19). By observing the graphs, we determined that the data were sufficiently
normally distributed because of its closeness to the expected values. Thus, assumption 5 was
met.
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Figure 19 Q-Q Plots for RQ2.

We examined Assumption 6, homogeneity of variances, using Levene’s test of equality
of variances, which is pictured below in Figure 20. Levene’s test for equality of variances
resulted in a p-value of 0.002. The statistically significant results indicated that the GPA scores
did not meet the assumption of homogeneity of variances, hence we utilized a modified, more
robust version of the ANOVA, the Welch ANOVA (Laerd Statistics, 2017) and the DamesHowell post-hoc test was used later because of statistically significant results with Welch’s
ANOVA.
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Figure 20 Tests of Homogeneity of Variances table for RQ2.

After checking the assumptions of a one-way ANOVA, we employed the Welch’s
ANOVA test using SPSS. The results are pictured below in Figure 21. We found a statistically
significant result, with a p-value less than 0.001. Thus, GPA was statistically significantly
different in at least two of the junior cohort years, Welch’s 𝐹(5, 2763.466) = 9.693, 𝑝 < 0.001.
The existence of a difference in the group average GPAs indicates that we can reject the null
hypothesis and accept the alternative hypothesis.

Figure 21 Robust Test of Equality of Means Chart for RQ2.

We proceeded to examine the differences between group means using the Games-Howell
post hoc test. The Games-Howell post hoc test is used to compare all combinations group
differences when the data violates the assumption of homogeneity of variances (Laerd, 2017).
The results of the Games-Howell post hoc test are presented in the Multiple Comparisons table
(Figure 22). We found that the 2021 cohort average GPA was significantly different to all other
years. By examining the Mean Differences column in the Multiple Comparisons table (Figure
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22), we determined that GPAs in 2021 were significantly higher than those from 2015-2019.
There were no other statistically significant differences.

Figure 22 Multiple Comparisons Chart for RQ2.
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The outliers were removed and the assumptions for the one-way ANOVA were repeated.
The data violated the assumption of homogeneity; therefore, the Welch’s ANOVA test was
conducted. The results were significant, Welch’s 𝐹(5, 2763.466) = 9.693, 𝑝 < 0.001. The
Games-Howell post-hoc test was used to analyze the differences between the cumulative, end-ofjunior year GPAs, and it was determined that a significant difference in average GPAs existed
between students in 2021 and all other years (2015 though 2019). The results corresponded to the
results of the tests that used data with all points, including the outlier low GPAs.
In conclusion, we ran the Welch’s ANOVA test to compare means of junior year of
college GPA across cohorts 2015, 2016, 2017, 2018, 2019, and 2021. We found a statistically
significant difference between the junior GPAs of students in the 2021 cohort and all other
cohorts. Thus, we rejected the null hypothesis and accepted the alternative hypothesis that there
was a statistically significant difference between the average GPAs of students from 2021 and
2015 through 2019. The average GPA of the 2021 cohort was higher than the 2015 through 2019
cohorts’ average GPA.
Kruskal-Wallis H Test – Research Question 3
RQ3: Is there a significant difference between the GPAs of college juniors in 2021 versus
those from 2015, 2016, 2017, 2018, and 2019 in STEM and non-STEM fields?
To answer RQ3, we separated students according to their degree area – STEM or nonSTEM.
Differences Among STEM Cohorts
Significant differences among the STEM-major cohort-year groups were examined
first. A one-way ANOVA was initially considered to determine if there were significant
differences between the average GPAs of students in the cohort years. The one-way ANOVA is a
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robust test; however, we decided that it would not be used because the assumption of normality
of the dependent variable (cumulative, end-of-junior-year GPA of STEM students) was not met
for each group of the independent variable (cohort year). Normality was assessed by examining
the histogram of the GPAs for each cohort year (Figures 23, 24, 25, 26, 27, 28). The data were
not normally distributed (i.e., the assumption of normality was violated) in any of the groups,
which was evidenced by the shapes of the histograms.

Figure 23 Histogram of GPA for 2015 STEM students.
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Figure 24 Histogram of GPA for 2016 STEM students

Figure 25 Histogram of GPA for 2017 STEM students
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Figure 26 Histogram of GPA for 2018 STEM students

Figure 27 Histogram of GPA for 2019 STEM students
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Figure 28 Histogram of GPA for 2021 STEM students

With failure to meet the normality assumption of the one-way ANOVA, we used a
nonparametric test, the Kruskal-Wallis H test, to determine if there were statistically significant
differences between the group medians of the independent variable (cohort year) on the
continuous dependent variable (cumulative, end-of-junior-year GPA of STEM students). It is
noted that the one-way ANOVA analyzes the statistical differences between the means of the
group, whereas the Kruskal-Wallis H tests analyses the statistical differences between the
medians of the groups (Laerd, 2015b).
We began our analysis by verifying the assumptions for the Kruskal-Wallis H test. The
first assumption was met because there was one continuous, dependent variable. The second
assumption was met because there was one independent variable with six groups. The third
assumption, independence of observations, was met because students were not in more than one
cohort year. The final assumption was similarly shaped distributions. This assumption was
analyzed using box plots (Figure 29). As expected, and noted from the histogram distributions,
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there were some differences in the distributions; however, it was decided that the GPA
distributions were similar for all junior cohort groups, as assessed by visual inspection of the
boxplots. Thus, the assumption was met.

Figure 29 Boxplots for RQ3-STEM.

The results of the Kruskal-Wallis H test (Figure 30) were a p-value of 0.337 for the null
hypothesis that the distribution of GPA is the same across cohort years. Thus, we determined that
there was not a statistical difference in the medians of the cumulative, end-of-junior-year GPAs
for STEM majors, 𝜒 # (5) = 5.695, 𝑝 = 0.337. The medians and group sizes for each cohort are
listed in the Report table below (Figure 31). A total of 1,238 students were considered in the
sample.
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Figure 31 Kruskal-Wallis H test table for RQ3-STEM.

Figure 31 Report table for RQ3-STEM.

Difference among non-STEM cohorts
The analysis of the non-STEM junior cohorts also started with the possibility of using a
one-way ANOVA. However, similar to the STEM students, the distributions of the dependent
variables (cumulative, end-of-junior-year GPA) were not normally distributed for the cohort
groups. This was assessed using the distribution histograms (Figures 32, 33, 34, 35, 36, and 37).
The histograms did not display a bell-shaped, symmetric distributions similar to that of a normal
distribution. Thus, we decided that a nonparametric test would be appropriate.
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Figure 32 Histogram of GPA for 2015 non-STEM students.

Figure 33 Histogram of GPA for 2016 non-STEM students.
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Figure 34 Histogram of GPA for 2017 non-STEM students.

Figure 35 Histogram of GPA for 2018 non-STEM students.
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Figure 36 Histogram of GPA for 2019 non-STEM students.

Figure 37 Histogram of GPA for 2021 non-STEM students.

The analysis began by confirming the assumptions of the Kruskal-Wallis H test. The first
assumption was met because there is one continuous, dependent variable, cumulative, end-ofjunior-year GPA. The second assumption was met because there is one independent variable,
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cohort year, with six categories. The third assumption, independence of observations, was met
because no student is part of multiple cohort groups. The fourth assumption of similarly shaped
distributions was evaluated using boxplots (Figure 38). The boxplots were visually assessed, and
though the distributions were slightly different, we decided that they were close enough to be
categorized as similar (Laerd, 2015b).

Figure 38 Boxplots for RQ3-non-STEM.

The Kruskal-Wallis H test for non-STEM majors returned a p-value less than 0.001
(Figure 39). Thus, we determined that there was a statistically significant difference in the
medians of cumulative, end-of-junior-year GPA for non-STEM students, 𝜒 # (5) = 52.582, 𝑝 <
0.001. The group sizes and medians are further described in the Reports table below (Figure 40).
A total of 4,720 students were considered in the sample.
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Figure 40 39 Kruskal-Wallis H test results for RQ3-non-STEM.

Figure 40 Report table for RQ3-nonSTEM.

The significant results indicated that at least two of the median scores were different;
therefore, a post hoc test was used to discover which groups were significantly different. In the
case of the Kruskal-Wallis H test, the post hoc test included an interpretation of all pairwise
comparisons using an adjusted significance, which used Dunn’s procedure with a Bonferroni
correction (Laerd, 2015b). More specifically, Dunn’s pairwise tests were conducted for the
fifteen pairs of groups. As multiple tests were being conducted, SPSS automatically made the
adjusts to the p-values and reported an Adjusted Significance column, which adjusted using the
Bonferroni error correction. Results of the pairwise comparisons are displayed in a table and in
graphical format (Figures 41 and 42). From the Pairwise Comparisons table, we note that the
median of the 2021 cohort was significantly different from the medians of the 2015, 2016, 2017,
2018, and 2019 cohorts. There were no other significant differences after the Bonferroni
correction. In the graph, the groups with statistically significantly different medians are
connected with light blue lines as opposed to dark green lines. The significant differences in
cohort medians existed between 2021 and all considered previous cohort years (2015, 2016,
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2017, 2018, and 2019). The points are labeled with the cohort year and the mean rank value of
the cohort year.

Figure 41 Pairwise Comparisons table for RQ3-non-STEM.
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Figure 42 Pairwise Comparisons graph for RQ3-non-STEM.

The post hoc analysis revealed that there were statistically significant differences in
median GPAs between the 2021 cohort and all other considered cohorts. The medians and pvalues are further explained in the table below (Figure 43). There were no other statistically
significant differences between the median GPAs of any other group combinations. The reported
p-values were the adjusted significance levels based on the Bonferroni correction. The median
GPA for the 2021 cohort was higher than the median GPAs for the 2015, 2016, 2017, 2018, and
2019 cohorts. The results of this question align with the results of RQ2, and also further explain
that the significant differences in junior GPA of the 2021 from previous years 2015, 2016, 2017,
2018, and 2019 were a result of significant differences in the non-STEM students and not the
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STEM students. Thus, we can conclude that in general the third year non-STEM students had
higher GPAs in 2021 than in previous years; however, the same is not true for junior-level
STEM students in 2021.
Year

Median GPA

2015
2016
2017
2018
2019
2021

3.240
3.253
3.239
3.333
3.306
3.404

Significantly Different
From
2021
2021
2021
2021
2021

P-value
<0.001
<0.001
<0.001
0.045
0.006

Figure 43 Descriptives table for RQ3-non-STEM.

CONCLUSION
Summary of Findings
The data used in this study were for juniors from six cohorts and included their
cumulative junior-year GPA, high school quality (HSQ) score, and their declared major (STEM
or Non-STEM). The students in this study all started the same university in the fall after
graduating from a Tennessee public high school. Students who transferred to the University,
students who had not completed 72 hours of course-work, and students who were no longer
enrolled at the University were eliminated. The total number of participants in this study was 842
for RQ1 and 5,958 for RQ2 and RQ3.
Research Question 1 asked whether there was a significant, predictive relationship
between high school quality, ACT score, and cumulative, end-of-junior-year of college GPA. We
proceeded to verify the assumptions required to use a multiple linear regression model. The
assumptions were met; therefore, we proceeded with the regression analysis. The model
produced a low R square value, which was not surprising since the study only considered two
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predictor variables (HSQ and ACT) for end-of-junior-year GPA. There are many extraneous
factors that affect GPA. Although the model represented a small percentage of the variation in
students’ GPAs, the regression equation was statistically significant. A close examination of the
model’s coefficients indicated that ACT score was a significant predictor of GPA at the end of
the students’ third year in college.
Research Question 2 asked whether statistically significant differences existed among the
GPAs of college juniors in years 2015, 2016, 2017, 2018, 2019, and 2021. To assess the
differences between cohort means, we used a one-way ANOVA. When verifying the
assumptions for this parametric test, we recognized ten outlier GPA values; however, we decided
to leave the values in the dataset since the research population was over 5,900. Additionally, the
assumption of homogeneity of variances was not met; therefore, we used a more robust test,
Welch’s ANOVA. The result of the Welch’s ANOVA test was statistically significant, indicating
that at least two of the cohorts had significantly different means. The Games-Howell post-hoc
test was used to analyze the differences between the cumulative, end-of-junior-year GPAs, and it
was determined that a significant difference in average GPAs existed between students in 2021
and all other years (2015 through 2019).
Research Question 3 asked whether there were statistically significant differences in the
cumulative junior GPAs in STEM and non-STEM fields from 2015, 2016, 2017, 2018, 2019, and
2021 cohorts. First, we split the data based on major area into STEM and non-STEM majors. To
assess the differences between group means we considered using one-way analysis of variance
(ANOVA). However, the assumption of normality was violated in both STEM and non-STEM
groups. Thus, we decided to use the non-parametric, Kruskal-Wallis H test to examine the
differences in the medians of the cohort years. First, we examined STEM majors. The results
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indicated that there was not a statistically significant difference between the cohort years. We
then examined non-STEM majors. The results indicated that there was a statistically significant
difference in at least one pair of cohort groups. We then considered the post-hoc output
calculated using Dunn’s procedure and a Bonferroni correction and determined that there was a
statistically significant difference between the 2021 cohort and all other considered cohorts
(2015, 2016, 2017, 2018, and 2019). Then, using the Pairwise comparisons table we specifically
determined that the median GPA was greater for non-STEM students in the 2021 cohort than all
other cohorts. There also were no other identified statistically significant differences in the
medians of the cohort groups. These findings aligned with the findings of RQ2, and we
concluded that non-STEM students may be the cause of the 2021 cohort having higher overall
GPAs because of their significantly larger population in the cohort as a whole.
Implications for Future Studies
There are several paths that further research could consider. First, for HSQ, additional
research should define HSQ so that it can be measured nationally and across different types of
schooling: public, private, charter, and home schooling. Furthermore, the relationship between
HSQ and college GPA (or another measure of success in college) should be considered using
data from a longer period. Additional research should also be conducted to define STEM and
non-STEM fields or majors. Some fields are obviously STEM or non-STEM. For example,
photography and business are non-STEM, and biology and mathematics are STEM fields;
however, fields such as exercise science, nursing, and psychology are not consistently defined as
STEM or non-STEM. Once there is a clear distinction between STEM and non-STEM fields,
further research could also investigate if there is a difference in STEM and non-STEM majors
GPAs.
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The research gap about college juniors persists, thus additional research should be
conducted specifically considering this population. The impact of ACT on college success and
college GPA is unclear because researchers are constantly finding both statistically significant
and insignificant results about this impact. Thus, additional research could also consider the
characteristics of colleges and universities where ACT score has been statistically shown to have
an impact on achievement (or GPA) to attempt to find commonalities in these schools. This
research could also consider student demographics and characteristics, ACT score, and
achievement (or GPA). Specifically, research could include the likelihood a student is to have a
job, reason for employment (necessity, building credentials, or simply to make extra money) and
number of hours students work while also considering ACT score and college GPA because
students who have lower ACT scores may not qualify for the same scholarships and financial aid
opportunities as students who have higher ACT scores. This may force students with lower ACT
scores to get a job to support themselves and pay for their schooling.
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